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Correction to MIMO Pilot and Data Power 

Yuval Lomnitz, Ayelet Doron, Dov Andelman - Intel Corp. 
Purpose
The purpose of this contribution is to correct several inconsistencies in the pilot and data power:

1. The relative power between different MIMO ranks

2. The pilot boosting in UL AMC MIMO

3. Change the pilot boosting given in an approximate “dB” notation to accurate numerical values

Note: the contribution C802.16maint-08/007r2 covering different topics related to the AMC+MIMO zone was split into the following contributions in order to enable separate discussion/decision on each item, and this contribution is part of this pack:
· C802.16maint-08/007r3 (Definitions for AMC permutation slot structure in MIMO zone): covers definitions of AMC slot structures in the map IE-s and STC mapping (DL and UL), except matrix A support for 2x3 slot structure

· C802.16maint-08/087 (Definitions for matrix A in 2x3 AMC structure): adds the definition of matrix A support (both DL and UL)
· C802.16maint-08/088 – Modified pilot splitting pattern for AMC MIMO: both UL and DL.

· C80216maint-08/089 – Generalization of allocation granularity definitions: this contribution generalizes the allocation granularity definitions that were defined for PUSC+MIMO+dedicated pilots to AMC.
· C80216maint-08/090 - Correction to MIMO Pilot and Data Power
Discussion

Relative power between different MIMO ranks
Problem description

We are interested to correctly set the various gains between pilots, data and midamble. We are specifically interested in a dedicated pilot zone which may include rank 1 and rank 2 transmissions and a midamble. These gains are not given by power gains in the standard, but by the modulation expressions for the pilots and data (in 8.4.9).

Today we have the following situation:

1. The QAM mapper output is normalized to unit power

2. The MIMO/STC encoder (MIMO matrices) produces power 1 per output stream (for our purpose here, the number of encoded streams is the number of outputs, for example 2 in the case of matrix A). When the number of encoded streams varies, the total power also varies.

3. The MIMO precoding uses unitary matrices, thus keeping the same overall power (over all antennas/streams) at its input and output.
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As a result of (2), the total power varies between transmissions with different number of encoded streams. When we change from SISO to MIMO (matrix A,B) this creates a fixed increase of 3dB in the transmit power given by the modulation expressions, however this gain is compensated, or may be compensated per zone by the definitions in 8.4.9.6 (Zone boosting), and the pilots are also boosted by additional 3dB (8.4.9.4.3 - Pilot modulation) so that the ratio between pilots and data is kept.
However when modulation with different number of encoded streams is used in the same zone, a discrepancy is created. The result of this discrepancy is that it is not clear any more what is the relation between the values of pilots, data and midamble. 

Formally, the current situation can be summarized as follows. The numbers are given in total power from all TX antennas over one tone:
	
	Rank 1 (DL)
	Rank 2 (DL)
	Open loop MIMO 2x2

	Data
	0dB (1)
	3dB (2)
	3dB

	Pilots
	2.5dB
	5.5dB
	5.5dB

	Midamble
	0dB or 3dB


Note that if we align all powers from total TX antennas then we also align the average power per TX antenna. Note also that for pilots and midambles the per-antenna (per encoded stream in case of dedicated pilots) power and total power are the same, since they are transmitted from one antenna (/stream) only.
Proposed solution

There are different ways to align the powers, however normalizing the total power to a constant makes most sense. If for example we consider unit power per TX antenna, then midamble boosting needs to scale according to the number of TX antennas (since it is also decimated in the same factor). 

It seems the most coherent way to achieve the correct normalization, is by

1. Defining the STC encoder to have power gain of 1 over all its output streams (by applying a factor 
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 to the MIMO matrices)

2. Changing the pilot boosting to be constant in the number of antennas (e.g. 2.5dB), with the exception of UL collaborative MIMO
Although this change modifies the numerical values which are the formal outputs of the PHY layer in open-loop MIMO, it doesn’t have any implication on the BS/MS except when different ranks are mixed.

The following table and figure depict these changes:

	
	Rank 1 (DL)
	Rank 2 (DL)
	Open loop MIMO 2x2

	Data
	0dB (1)
	3dB (2) 0dB
	3dB 0dB

	Pilots
	2.5dB
	5.5dB 2.5dB
	5.5dB 2.5dB

	Midamble
	0dB or 3dB
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Pilot power for UL AMC MIMO

This contribution corrects the pilot power for UL AMC MIMO. The pilot boosting for UL AMC is the same as for DL AMC (2.5dB), and likewise for UL AMC with MIMO it should be the same as for DL AMC MIMO (5.5dB). Today there is no specific definition for UL AMC MIMO, and by the existing definitions the pilot boosting in MIMO defaults to 3dB. Following the definitions in the previous clause we would now call this boosting “2.5dB”.
Usage of correct numerical values 
We also take opportunity of this change to correct the values from their approximate “dB” values to the accurate numerical boosting values. Although it can be conjectured from the context that 3dB should be interpreted as 2 and not as 103/10=1.995, it would be better if the standard is explicit and well defined. Note that the difference between “5.5dB” and 
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is 0.1%, i.e. a misunderstanding here results in a noise floor of -30dBc. 
Text Changes
8.4.8.1.2.1 STC encoding

[add the following text in p. 981 line 42 before “receiver”]

The transmitted symbols are normalized by 
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 to maintain a unit output power over two antennas.
8.4.8.1.2.1.3 STC data mapping

[add the following text at the end of the first paragraph in the section]

In the STC zone, for spatial multiplexing, the mapping of modulated data after channel encoding to MIMO

streams depends on the type of encoding (horizontal or vertical encoding). Note that table 491 specifies the mapping without the normalization factor.
8.4.8.1.4 STC/FHDC configurations
[in equations (92) and (93) add the factor 
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before the matrix, e.g. 
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8.4.8.2.3 STC configurations

[in equations (94) add the factor 
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before the matrix]

[in equations (95), (96) add the factor 
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before the matrix, e.g. 
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8.4.8.3.1.2.1 STC Mapping for optional AMC permutation

[add the following line at the end of the subsection]

In all STC modes the STC encoder output is normalized by 
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where NS is the number of output streams of the STC encoder. This factor is not shown in the figures.
8.4.8.3.1.2.2 STC Mapping for optional FUSC permutation 

[add the following line at the end of the subsection]

In all STC modes the STC encoder output is normalized by 
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where NS is the number of output streams of the STC encoder. This factor is not shown in the figures.

8.4.8.3.3 Transmission schemes for 2-antenna BS in DL

[in the equations for matrices A,B,C add the factor 
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before the matrix]

8.4.8.3.4 Transmission schemes for 3-antenna BS in DL

[in equations (97), (98), (99), (100), (101), (102), (103), (104), (105), (106), add the factor 
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[add the following sentence at the end of the last paragraph in p .999]:

… permuted versions as shown in Equation (97). The value of the factor 
[image: image15.wmf]STC

K

shall be determined so that the average power over each column of the matrix equals the average power of the input symbols si.
8.4.8.3.5 Transmission schemes for 4-antenna BS

[in equations (107), (110), (112),(113),(114) add the factor 
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[in equations (108), (109), (111), (115)-(120) add the factor 1/2]

8.4.9.4.3 Pilot modulation
[change the 3rd paragraph as follows]

In all permutations except UL PUSC, downlink TUSC1, and the DL and UL STC permutations/modes, each

pilot shall be transmitted with a boosting of 2.5 dB over above the transmit power per non boosted data tone over all transmit antennas averaged non-boosted power of each data tone.
[Change the two last paragraphs as follows]:

In a DL STC zone, the per pilot tone power is 5.5 dB above the per data tone power for each transmit antenna. 
In UL STC and collaborative SM, the per pilot tone power is 3 dB above the per data tone power for each transmit antenna.

In UL collaborative SM transmission, the pilot tones are further amplified by 
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 (3dB) after applying equation (138) or (139) as applicable. This results in pilot boosting of approximately 3dB for UL PUSC collaborative SM, and 5.5dB for UL STC/collaborative SM with AMC permutation. 

Note that the average per-antenna data tone power is normalized to 1/Nantennas (number of encoded streams in case of dedicated pilots) therefore the pilot boosting over data in a single TX antenna in the downlink is 2.5dB+10(log10(Nantennas).
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